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(57) Abstract: 
[Purpose] 

To obtain a miniaturized pattern with a high controllability of a 
reduced dimension by inhibiting an occurrence of defects in the 
pattern such as bridging of the pattern and scum during 
ininiaturization of trench patterns and hole patterns, wherein the resist 
pattern is first formed by a conventional method, then a water-soluble 
resin coating is applied, the coating is cross-linked by an acid supplied 
by the resist, and thereafter an uncross-linked part of the coating is 
dissolved and removed using a developing solution to widen the resist 
pattern. 
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[Structure] 

A developing solution for the water-soluble resin coating 
comprises an aqueous solution that includes at least one surfactant 
selected from the group consisting of N-acyl sarcosinate, 
N-acyl-N-methyl alaninate, N-acyl taurinate, N-acyl-N-methyl 
taurinate, fatty acid alkylolamide, and adducts of fatty acid 
alkylolamide and polyoxyethylene. The aqueous solution may 
contain a water-soluble solvent. 
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[Scope of Claim for a Patent] 
[Claim 1] 

An aqueous surfactant solution for coating development 
comprising at least one surfactant and one of water and mixture of 
water and an organic solvent, wherein the surfactant is at least one 
selected from the group consisting of N-acyl sarcosinate, 
N-acyl-N-methyl alaninate, N-acyl taurinate, N-acyl-N-methyl 
taurinate, fatty acid alkylolamide, and an adduct of fatty acid 
alkylolamide and polyoxyethylene. 

[Claim 2] 

An aqueous surfactant solution for coating development as in 
claim 1, in which an acyl group of the surfactant has 10 to 14 carbon 
atoms. 

[Claim 3] 

An aqueous surfactant solution for coating development as in 
one of claims 1 and 2, wherein the surfactant is at least one selected 
from the group consisting of N-lauroyl sarcosinate, 
N~lauroyl-N-methyl alaninate, N-lauroyl taurinate, and 
N-lauroyl-N-methyl taurinate. 

[Claim 4] 

An aqueous surfactant solution for coating development 
as in claim 1, wherein a counter ion of one of N-acyl sarcosinate, 
N-acyl-N-methyl alaninate, N-acyl taurinate, and N-acyl-N-methyl 
taurinate is one of an organic amine and an organic amine salt. 

[Claim 5] 

An aqueous surfactant solution for coating development as in 
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one of claims 1 and 2, wherein (a) the fatty acid alkylolamide and the 
adduct of fatty acid alkylolamide and polyoxyethylene contain a fatty 
acid having 6 to 22 carbon atoms and an alkylol group having 1 to 3 
carbon atoms; and (b) a number of repeating units of a polyoxyethlene 
chain of the adduct of fatty acid alkylolamide and polyoxyethylene is 
10 or less. 

[Claim 6] 

An aqueous surfactant solution for coating development as in 
one of claims 1 to 5, wherein a concentration of the surfactant is 0.01 
percent by weight to 10.0 percent by weight. 

[Claim 7] 

An aqueous surfactant solution for coating development as in 
one of claims 1 to 6, wherein the organic solvent is at least one organic 
solvent selected from the group consisting of (a) one of saturated and 
unsaturated alcohol having 1 to 8 carbon atoms, (b) saturated polyol 
having one of 2 and 3 hydroxyl groups, (c) unsaturated alkylamine 
having 1 to 3 carbon atoms, and (d) one of saturated and unsaturated 
alkanolamine having 1 to 3 carbon atoms. 

[Claim 8] 

An aqueous surfactant solution for coating development as in 
one of claims 1 to 7, wherein the mixture of water and the organic 
solvent has a ratio of water to the organic solvent from 80:20 to 99:1. 

[Claim 9] 

A process for resist pattern processing comprising the steps of: 
applying a coating on a resist pattern; 
cross-linking the coating with the resist pattern to widen 
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the resist pattern; and 

removing uncross-linked part of the coating is using a 
developer thereby rniniaturizing the resist pattern, 
wherein the developer is the aqueous surfactant solution 
for coating development as in one of claims 1 to 8. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a novel aqueous surfactant 
solution for coating development. More specifically, it relates to an 
aqueous surfactant solution for coating development and a process for 
resist pattern processing using the same for fabrication of 
semiconductor devices and the like, wherein a resist pattern is formed, 
then coated, and widened, thereby effectively miniaturizing trench 
patterns and hole patterns therin. 

[0002] 

[Description of the Prior Art] 

Processing a resist pattern on a substrate is used in a wide 
range of fields including fabrication of semiconductor devices such as 
LSI, processing of liquid crystal display surfaces of LCD panels, and 
manufacturing of circuit boards for thermal heads and the like, as a 
method to form miniature devices or conduct microfabrication. In 
resist pattern processing, manufacturers employ so-called 
photolithography, wherein activation beams such as ultraviolet rays, 
far ultraviolet rays, excimer lasers, x-rays, electron beams, and the like 
are irradiated and a photosensitive resin composition is selectively 
exposed to the activation beams, followed by a developing process. 
In photolithography, a positive or negative photosensitive resin 
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composition is used to form a resist pattern. As semiconductor 
devices and the like become highly integrated in the last several years, 
line width and line spacing required for fabrication processes are all 
the more reduced, leading to incorporation of exposure apparatuses 
that use g-line, i-line, excimer laser, and other short-wavelength light 
sources, and of phase-shift masks for exposure. However, 
conventional photolithography technologies that depend on exposure 
face difficulties in forming fine resist patterns below the limitation 
determined by the wavelength used, and the cost for exposure 
apparatuses that incorporate shorter wavelengths or apparatuses 
utilizing phase-shift masks is high. Therefore, in order to avoid using 
such expensive systems, intensive research has been done to reduce 
the dimension of resist patterns using conventional positive or 
negative photosensitive resin compositions and conventional pattern 
forming apparatuses, as reported in, for example, Japanese Patent 
Application Laid-Open (JP-A) No. 05-241348, JP-A No. 06-250379, JP-A 
No. 10-73927, JP-A No. 11-204399 and others. Methods described in 
these publications use conventional photosensitive resin compounds 
and conventional processes to form a pattern. After the formation, a 
coating is applied on the resist pattern. Then the resist is heated 
and/ or exposed to enable an acid that is either produced or existent in 
the resist to diffuse into the coating, so that the diffused acid forms 
cross-links and hardens the coating. An uncross-linked part of the 
coating is then removed so that the resist pattern widens, reducing the 
dimension of resist pattern spacing and the size of hole patterns, 
thereby miniaturizing the resist pattern and form a fine resist pattern 
that effectively overcome the resolution limitations. 

[0003] 

The miniaturized pattern formation methods mentioned above 
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utilizes water-soluble photosensitive resin compositions or 
water-soluble non-photosensitive resin compositions that can be 
cross-linked with an acid. It also uses water or a mixture of water 
and an organic solvent to develop and remove an uncross-linked part 
of the coating. However, when using water or a mixed solution of 
water and an organic solvent as a developer, excessive insolubility of 
the coating result in issues such as pattern defect due to formation of 
bridges in the resist pattern after development, residues such as scum 
remaining after development, and re-adhesion of components of the 
water-soluble resin compositions having one or more hydrophobic 
groups on the wafer as the components remain undissolved during 
development (Fig. 1 and Fig. 2). In addition, when such bridging and 
scum occur, it becomes difficult to control with regards to 
reproducibility and uniformity of pattern dimensions after 
miniaturization, although in some cases the difficulties can be averted 
by applying conventional methods such as discharging a large amount 
of a developer solution comprising water or a mixture of water and an 
organic solvent or conducting a number of puddle developments 
repeatedly. Therefore, enhancements on these pattern 

miniatiirization methods that improve yield, simplify operation, and 
stabilize processes are desired. 

[0004] 

Further more, when a water-soluble resin composition that can 
be cross-linked with an acid to form a non-soluble layer is used as a 
coating material, factors of the underlying resist pattern such as 
coexistence of different pattern dimensions, pattern density variance, 
and layout may result in concentration differences of acid being 
produced in different sections of the underlying resist pattern, leading 
to decreased controllability of the dimension of the obtained pattern. 
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Additionally, if a solution in which the coating is highly soluble, for 
example, a mixed solution of water and an organic solvent, is used as a 
developer, differences in pattern conformation simply lead to different 
dissolving rates, thus lowering the controllability of pattern dimension. 
In order to avoid this issue, exposure pattern designs including 
pattern dimension and pattern layout of the underlying resist require 
some modification. Therefore, from the aspect of cost and simplicity 
of semiconductor device fabrication, improvements are needed. 

[0005] 

The resist pattern forming processes are specifically described 
here. In JP-A No. 10-73927, for example, water or tetramethyl 
ammonium hydroxide (TMAH) aqueous solution is used in order to 
develop a coating comprising a water-soluble resin composition, and 
in the JP-A No. 11-204399, it is reported that a coating including a 
water-soluble resin compound is developed with a highly soluble 
solution comprising water and an organic solvent, and a solution of 
low solubility, such as water, is then applied to rinse the coating. The 
latter publication refers to the addition of surfactants to the highly 
soluble solution, but it does not specify what kind of surfactants being 
added nor refer to any effect of using the surfactants. By using these 
conventional methods, issues of development defect and pattern 
defect may arise, and dimension controllability of miniaturized resist 
patterns is insufficient. Therefore, the current circumstances are that 
dimension controllability of obtained resist patterns cannot be greatly 
enhanced due to the difficulties in forming a coating without affecting 
the underlying resist pattern or miniaturized resist pattern or being 
affected by the dimension or layout of the underlying resist pattern. 

[0006] 
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Furthermore, while JP-A No. 11-204399 refers to the addition of 
surfactants to a developer, adding surfactants to a developing solution 
is problematic because air bubbles form during development when 
developer is discharged on a wafer and the air bubbles that are formed 
cannot be removed entirely from the developer. Consequently, these 
problems may result in an uneven development process and in 
forming a pattern with low dimension controllability. Therefore, 
surfactants for developers should have low foaming or high 
defoaming capability so that bubbles dissapear after they are formed. 

[0007] 

[Problem to be Solved by the Invention] 

An object of the present invention is to provide an aqueous 
surfactant solution for coating development that does not have the 
issues mentioned above and a process for resist pattern processing 
using the same. In other words, a first object of the present invention 
is to provide an aqueous surfactant solution that greatly enhances the 
controllability of pattern dimensions and a method for pattern forming 
using the same for pattern forming methods wherein a resist pattern is 
coated and then widened in order to reduce the size of trench patterns 
and hole patterns below the resolution limitations effectively. The 
aqueous surfactant solution inhibits bridging due to excessive 
cross-linking reaction, forming of development residue including 
scum, and re-adhesion of undissolved substances. Additionally, the 
aqueous surfactant solution does not affect the underlying resist 
pattern or miniaturized (reduced) resist pattern, is not affected by the 
dimension or pattern layout of the underlying pattern, and is free from 
non-unif orm development that originates in foamability (capability to 
produce foam) of the developer. 
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[0008] 

[Means for Solving Problem] 

Following intensive studies and discussions, the present 
inventors found out that in a pattern forming method for 
miniaturizing a resist pattern wherein the resist pattern is formed in a 
conventional process, coated, and then widened in order to reduce 
pattern dimension, occurrence of development defect and pattern 
defect such as bridging and scum can be inhibited and that higher 
controllability of dimensions in pattern miniaturization can be 
achieved when using an aqueous developer solution that includes 
surfactants having specific structures, and thus accomplished the 
present invention. 

[0009] 

Specifically, the present invention is an aqueous surfactant 
solution for coating development and a process for resist pattern 
processing comprising following compositions and conditions. 

(1) An aqueous surfactant solution for coating development 
comprising one or more surfactants and one of water and 
mixture of water and an organic solvent, wherein the 
surfactants are selected from the group consisting of N-acyl 
sarcosinate, N-acyl-N-methyl alaninate, N-acyl taurinate, 
N-acyl-N-methyl taurinate, fatty acid alkylolamide, and 
adducts of fatty acid alkylolamide and polyoxyethylene. 

(2) An aqueous surfactant solution for coating development as 
described in (1), in which an acyl group of the surfactant has 10 
to 14 carbon atoms. 

[0010] 

(3) An aqueous surfactant solution for coating development as 
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described in one of (1) and (2), comprising at least one 
surfactant selected from the group consisting of N-lauroyl 
sarcosinate, N-lauroyl-N-methyl alaninate, N-lauroyl taurinate, 
and N-lauroyl-N-methyl taurinate. 

(4) An aqueous surfactant solution for coating development as 
described in (1), in which a counter ion of one of N-acyl 
sarcosinate, N-acyl-N-methyl alaninate, N-acyl taurinate, and 
N-acyl-N-methyl taurinate is one of an organic amine and an 
organic amine salt. 

[0011] 

(5) An aqueous surfactant solution for coating development as 
described in one of (1) and (2), in which (a) the fatty acid 
alkylolamide and the adducts of fatty acid alkylolamide and 
polyoxyethylene contain a fatty acid having 6 to 22 carbon 
atoms and an alkylol group having 1 to 3 carbon atoms; and (b) 
a number of repeating units of a polyoxyethlene chain of the 
adducts of fatty acid alkylolamide and polyoxyethylene is 10 or 
less. 

(6) An aqueous surfactant solution for coating development as 
described in one of (1) to (5), in which a concentration of the 
surfactant is 0.01 weight percent to 10.0 weight percent. 

[0012] 

(7) An aqueous surfactant solution for coating development as 
described in one of (1) to (6), in which the organic solvent 
comprises at least one organic solvent selected from the group 
consisting of one of saturated and unsaturated alcohol having 1 
to 8 carbon atoms, saturated polyol having one of 2 and 3 
hydroxyl groups, unsaturated alkylamine having 1 to 3 carbon 
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atoms, and one of saturated and unsaturated alkanolamine 
having 1 to 3 carbon atoms. 

(8) An aqueous surfactant solution for coating development as 
described in one of (1) to (7), in which the mixture of water and 
the organic solvent has a ratio of water to the organic solvent 
from 80:20 to 99:1. 

[0013] 

(9) A method for resist pattern processing using as a developer an 
aqueous surfactant solution for coating development as 
described in one of (1) to (8), wherein the coating is applied to a 
resist pattern, the resist pattern is widened by cross-linking of 
the coating, and an uncross-linked part of the coating is 
removed by the developer, thereby miniaturizing the resist 
pattern. 

[0014] 

This and the following sections describe the present invention 
in further detail. An aqueous surfactant solution of the present 
invention employs at least one surfactant selected from the group 
consisting of N-acyl sarcosinate, N-acyl-N-methyl alaninate, N-acyl 
taurinate, N-acyl-N-methyl taurinate, fatty acid alkylolamide, and 
adducts of fatty acid alkylolamide and polyoxyethylene, wherein an 
acyl group of the surfactants having, preferably, 10 to 14 carbon atoms. 

[0015] 

Examples of surfactants preferably employed for the aqueous 
surfactant solution of the present invention are listed here. N-acyl 
sarcosinates include, for example, coconut oil fatty acid sarcosinate, 
lauroyl sarcosinate, myristoyl sarcosinate, and oleoyl sarcosinate. 
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N-acyl-N-methyl alaninates include, for example, coconut oil fatty acid 
methyl alaninate, lauroyl methyl alaninate, myristoyl methyl alaninate, 
and oleoyl methyl alaninate. N- acyl taurinates include, for example, 
N-lauroyl taurinate, N-myristoyl taurinate, and N-oleoyl taurinate. 
N-acyl-N-methyl taurinates include, for example, N-lauroyl-N-methyl 
taurinate, N-myristoyl-N-methyl taurinate, and N-oleoyl-N-methyl 
taurinate. Fatty acid alkylolamide and adducts of fatty acid 
alkylolamide and polyoxyethylene include, for example, coconut oil 
fatty acid monoethanolamide, coconut oil fatty acid diethanolamide, 
lauric monoethanolamide, lauric diethanolamide, myristic 
monoethanolamide, myristic diethanolamide, stearic 

monoethanolamide, stearic diethanolamide, palmitic 

monoethanolamide, palmitic diethanolamide, oleic 

monoethanolamide, oleic diethanolamide, palm kernel oil fatty acid 
monoethanolamide, palm kernel oil fatty acid diethanolamide, lauric 
monoisopropanolamide myristic monoisopropanolamide, stearic 
monoisopropanolamide, palmitic monoisopropanolamide, oleic 
monoisopropanolamide, palm kernel oil fatty acid 
monoisopropanolamide, and adducts of these substances and 
polyoxyethylene. 

[0016] 

Of these surfactants, it is preferable for N-acyl sarcosinate, 
N-acyl-N-methyl alaninate, N-acyl taurinate, and N-acyl-N-methyl 
taurinate to have a lauroyl group for their acyl group, and it is 
preferable for fatty acid alkylolamide and adducts of fatty acid 
alkylolamide and polyoxyethylene to have a lauroyl group for acyl 
group in their fatty acid. More specifically, N-lauroyl sarcosinate, 
N-lauroyl-N-methyl alaninate, N-lauroyl taurinate, 

N-lauroyl-N-methyl taurinate, lauric monoethanolamide, lauric 
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diethanolamide, and the like are the more preferred surfactants. 
[0017] 

Of these surfactants, N-acyl sarcosinate, N~acyl-N-methyl 
alaninate, N-acyl taurinate, and N-acyl-N-methyl tanrinate can have a 
basic ion of any kind as their counter ion, but an organic amine or an 
organic amine salt is preferred. Organic amines that are used as 
counter ions in surfactants for the present invention include, for 
example, alkanolamines such as monoethanolamine, diethanolamine, 
triethanolamine, N-methyl ethanolamine, and N-ethyl ethanolamine, 
and alkylamines such as monoethylamine, diethylamine, and 
triethylamine. Organic amine salts include, for example, tetramethyl 
ammonium hydroxide and tetraethyl ammonium hydroxide. 

[0018] 

These surfactants can be used either as the only content or as a 
mixture of two or more to form an aqueous solution, the amount of 
which is not limited provided that the formed aqueous solution is 
homogeneous. It is, however, more effective for the aqueous 
surfactant solution of the present invention to have its surfactant 
content in the range of from 0.01 weight percent to 10.0 weight percent, 
and more preferably from 0.1 weight percent to 0.5 weight percent. 

[0019] 

It is preferred to remove organic impurities, metal ions, and 
chloride ions among others from the surfactants for the present 
invention by means of distillation, salting out, recrystallization, ion 
exchange, desalination through ultrafiltration, filtration, and various 
adsorption treatments among others. However, preservatives may 
be added and used for preservation concerns. 
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[0020] 

Although water is preferable as the solvent of the aqueous 
surfactant solution for the present invention, a water-soluble organic 
solvent can be mixed if the surfactant has low solubility, has high 
foamability, or spreads insufficiently over a resist pattern. While 
there is no limitation as to what organic solvents may be used 
provided that they are soluble in water, it is more effective to use (a) 
saturated or unsaturated alcohols having 1 to 8 carbon atoms such as 
methanol, ethanol, propanol, and isopropanol, (b) saturated polyols 
containing 2 to 3 hydroxyl groups such as ethylene glycol, diethylene 
glycol, and glycerol, (c) saturated or unsaturated alkylamines 
containing 1 to 3 carbon atoms such as monomethylamine, 
dimethylamine, trimethylamine, monoethylamine, ethanolamine, and 
diethanolamine, (d) alkylamine salts such as tetramethyl ammonium 
salt, and (e) a combination of two or more of these solvents. 
Concentration of these organic solvents in the formed mixture has no 
specific limit provided that the organic solvents are miscible with 
water at such concentration. However, a preferred concentration 
range of the organic solvent in the aqueous surf actant solution for the 
present invention is from 1.0 weight percent to 20.0 weight percent, 
and a range of from 1.0 weight percent to 5.0 weight percent is further 
preferred. 

[0021] 

No specific limitation is applied to water, wherein surfactants 
of the present invention and organic solvents are dissolved. It is 
preferred to use distillation, ion exchange, filtration, and various 
adsorption treatments in order to remove organic impurities, metal 
ions, and chloride ions. In addition, it is preferred that the aqueous 
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surfactant solution of the present invention be given the same kind of 
treatments as mentioned above and be free of solid substances larger 
than quarter-micron. 

[0022] 

As to the development of coating using the aqueous surfactant 
solution of the present invention, a process similar to conventional 
well-known methods for resist development can be used, and a 
developing apparatus for conventional resist development may also be 
used. In general, methods like puddle development and shower 
development are implemented to develop using developing nozzles 
such as soft impact nozzle and to rinse off remaining surfactant on the 
surface of or inside a resist pattern using pure water after 
development. At the rinsing process, alcohols including ethanol and 
isopropanol, organic amines such as triethylamine, and organic amine 
salts such as tetramethyl ammonium salt can be added to the pure 
water to rinse the resist pattern. Further more, the pattern may be 
baked in order to remove water from the pattern after these 
development processes. 

[0023] 

Additionally, in order to further enhance the effectiveness of 
the aqueous surfactant solution of the present invention, it is preferred 
to control solution temperature, discharge pressure and discharge time 
from the nozzle, and humidity and temperature inside the 
development apparatus within a suitable range. 

[0024] 

Coating resin compositions that have been reported to date 
works efficiently with the aqueous surfactant solution of the present 
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invention without any specific limitation. AZ R200 by Clariant 
(Japan) KK can be listed among others as commercially available 
products, which can easily be purchased. 

[0025] 
[Examples] 

To further describe the present invention in detail, the 
following section is dedicated to examples and comparative examples. 
However, the examples do not limit the aspects of the present 
invention. 

[0026] Preparation of aqueous surf actant solutions 

Aqueous surfactant solutions A and B are prepared by mixing 
all components at rates as specified below, stirring the mixture 
sufficiently to dissolve, and filtrating the solution using 0.1 micrometer 
filters. 



Aqueous surfactant solution A 

N-lauroyl sarcosine triethanolamine 5.0 

water 95.0 

Aqueous surfactant solution B 

N-lauroyl-N-methyl alanine triethanolamine 5.0 

water 95.0 



[0027] Comparative developers 

As a comparative developer with the aqueous surfactant 
solutions A and B, commercially available AZ R2 Developer, an 
aqueous solution of organic solvents containing no surfactant, by 
Clariant (Japan) KK is used (Note that hereafter, AZ is a registered 
trademark). Additionally, AZ 600MIF and AZ AQUATAR by 
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Clariant (Japan) KK are employed as comparative developers that 
contain surfactants that are different from the surfactants of the 
present invention. 

[0028] Formation of line-and-space patterns and contact hole patterns 

AZ DX5400P, a positive photosensitive resin composition by 
Clariant (Japan) KK, is applied on an HMDS treated 6-inch wafer 
using a spin coater (MK-V) by Tokyo Electron Lmited. The wafer is 
then prebaked at 90° C for 60 seconds using a hotplate to form a resist 
layer of about 0.54 micrometers. After prebake, an exposure 
apparatus (FPA-3000 EX5 by Canon Inc., NA=0.63) having an 
exposure wavelength of KrF laser (193 nm) and various patterns of 
uniform line-and-space width are used to expose the wafer. Then the 
wafer undergoes a post-exposure bake (PEB) with a hotplate at 110°C 
for 90 seconds. In the final step, an alkaline developer (AZ 300MIF 
Developer, an aqueous solution of 2.38 weight percent hydroxyl 
tetramethyl ammonium) by Clariant (Japan) KK is used for spray 
puddle development at 23° C for 1 minute to obtain a positive resist 
pattern. 

[0029] Formation of contact hole patterns 

AZ DX3200SC, a positive photosensitive resin composition by 
Clariant (Japan) KK, is applied on an HMDS treated 6-inch wafer 
using the spin coater (MK-V) by Tokyo Electron Limited. The wafer 
is then prebaked at 80° C for 90 seconds using a hotplate to form a 
resist layer of about 0.76 micrometers. After prebake, an exposure 
apparatus (FPA-3000 EX5 by Canon Inc., NA=0.63) having an 
exposure wavelength of KrF laser (193 nm) and various patterns of 
uniform hole diamiter are used to expose the wafer. Then the wafer 
undergoes a post-exposure bake (PEB) with a hotplate at 110°C for 60 
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seconds. In the final step, an alkaline developer (AZ 300MIF 
Developer, an aqueous solution of 2.38 weight percent hydroxyl 
tetramethyl ammonium) by Clariant (Japan) KK is used for spray 
puddle development at 23° C for 1 minute to obtain a positive resist 
pattern. 

[0030] Examples 1 and 2 and comparative example 1 

AZ R200 by Clariant (Japan) KK is applied over the 
line-and-space patterns and hole patterns as prepared above using the 
spin coater (MK-V) by Tokyo Electron Limited and baked at 85°C for 
70 seconds using a hotplate to obtain a water-soluble resin coating of 
0.4 micrometers. Then the resist patterns are treated with a 
mixing-bake, a baking process to allow the resist and the coating to 
react, at 115°C for 70 seconds using a hotplate to enable cross-linking 
of the water-soluble resin. Following this step, the aqueous 
surfactant solutions A, B, and AZ R2 Developer are used for 
puddle-developing at 23° C for 1 minute to peel uncross-linked layer 
off and form an insoluble cross-linked layer of the water-soluble resin 
coating above the line-and-space patterns and contact hole patterns. 
The patterns are then baked at 110° C for 70 seconds to desiccate. 
Assessments of dimension reduction and development residue are 
made for the reduced patterns that are formed through these steps as 
described in the following section. Results are shown in Table 1. 

[0032] Assessment of reduced dimension 

Using a high-precision visual wafer inspection system (S-9200) 
by Hitachi Ltd., spacing widths of the line-and-space patterns and hole 
diameters of the hole patterns have been measured before and after 
formation of the insoluble layer, and reduction of dimensions have 
been evaluated using reduction percentage, which can be derived 
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from the following equation. 

Reduction percentage = {[(dimension before formation of an insoluble 
layer) - (dimension after formation of an insoluble layer)] / 
(dimension before formation of an insoluble layer)} x 100 

[0032] Assessment of development residue occurrence 

Using a high-precision visual wafer inspection system (S-9200) 
by Hitachi Limited, 100 sections distributed over the whole surface of 
each silicon wafer have been observed before and after formation of an 
insoluble layer to count the number of sections in which development 
residues including bridging and scum have been generated. The 
evaluation of development residue occurrence is made according to 
these numbers. An example of a contact hole pattern and another of 
a line-and-space pattern that have development residues are shown in 
figures 1 and 2. However, the extent of the occurrence of 
development residues is not the issue in verifying the occurrence, 
therefore a section being observed to have a minimal residue is 
counted as one. 
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[0033] 
[Table 1] 



i ype oi Jr attern 


Example 
Nos. and 
Comparative 
Example No. 


Type of 
aqueous 
surfactant 
solution 


Pattern Dimension 
(micrometer) 


Reduction 
Percentage 

(%> 


Number of 

development 

residue 

occurrence 

(sections / 100 

sections) 


Before 
Reduction 


After 

Reduction 


Contact Hole 


Example 1 


A 


0.219 


0.137 


37.4 


0 




Example 2 


B 


0.221 


0.142 








Comparative 
Example 1 


R2 

Developer 


0.219 


0.151 


31.1 


48 


Line-and-Space 


Example 1 


A 


0.221 


0.126 


43.0 


1 




Example 2 


B 


0.220 


0.132 


40.0 


0 




Comparative 
Example 1 


R2 

Developer 


0.220 


0.142 


35.5 


100 



[0034] 

It is understood from the Table 1 shown above that aqueous 
surfactant solutions for coating development of the present invention 
inhibit generation of pattern defects and have high controllability of 
dimension reduction. 

[0035] Examples 3 and 4 and comparative examples 2, 3, and 4 
(assessment of foamability 1) 

A water-soluble resin is applied over the line-and-space 
patterns and hole patterns as prepared above using the spin coater 
(MK-V) by Tokyo Electron Limited and baked at 85°C for 70 seconds 
using a hotplate to obtain a water-soluble resin coating of about 0.4 
micrometers. Then the resist patterns are treated with a mixing-bake 
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at 115° C for 70 seconds using a hotplate to enable cross-linking of the 
water-soluble resin. Following this step, the aqueous surfactant 
solutions A, B, AZ R2 Developer, AZ 600MIF, and AZ AQUATAR are 
spread over the patterns at 23° C. Air bubbles that are formed during 
this step have been observed with the eye. Results are shown in 
column "Foamability above wafer" in Table 2. 

[0036] 

Assessment of foamability 1 has been made using criteria 
wherein foamability is considered "high" when small bubbles have 
been formed throughout the surface of the wafer, "medium" when 
small bubbles are formed only at and near the edge of the wafer (total 
area smaller than 10 percent of the whole surface of the wafer), and 
"low" when extremely small number of small bubbles are formed. 

[0037] Examples 5 and 6 and comparative examples 5, 6, and 7 
(assessment of foamability 2) 

Foamability assessment of aqueous surfactant solutions have 
been made using a different method from the assessment of 
foamability 1, wherein 12 g of the aqueous surfactant solutions A, B, 
R2 Developer, AZ 600MIF, and AZ AQUATAR are poured into 
respective glass containers, stirred for 30 seconds or more, and 
observed with the eye to determine the time needed for all air bubbles 
to disappear. Results are shown in column "Foamability under 
shaking" in Table 2. 
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[0038] 
[Table 2] 



Type of aqueous 
surfactant solution 


Foamability above wafer 


Foamability under shaking 
(time) 


A 


Low (example 3) 


0.5 (example 5) 


B 


Low (example 4) 


1.0 (example 6) 


R2 Developer 


None (comparative example 2) 


0 (comparative example 5) 


AZ600MIF 


Low (comparative example 3) 


0.5 (comparative example 6) 


AZ AQUAT AR 


High (comparative example 4) 


24.0 (comparative example 7) 



[0039] 

It is understood from the Table 2 that aqueous surfactant 
solutions of the present invention have the same or lower foamability 
compared with aqueous surfactant solutions currently used as 
developers. 

[Effects of the Invention] 

As described above in detail, in a process for resist pattern 
processing wherein a resist pattern is formed, coated, and then 
widened using a conventional method in order to effectively 
miniaturize trench patterns and hole patterns, the use of the aqueous 
surfactant solutions of the present invention as developers inhibits the 
occurrence of development residues and pattern defects and enables 
formation of a coating having excellent dimension controllability of 
pattern miniaturization. Furthermore, in the field of semiconductor 
device fabrication, wherein the devices have become ever more highly 
integrated in the recent years, the aqueous surfactant solutions of the 
present invention enables a high yield of microfabrication without 
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investments in large-scale equipment. 

[Brief Description of Drawings] 
[Fig. 1] 

A microscopic view of a contact hole pattern having 
development residues 

[Fig- 2] 

A microscopic view of a line-and-space pattern having 
development residues 
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P^ 11 [Fig. 2] 
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